Introduction
The fidelity of timing and time perception in the milli-seconds to multiseconds range is subject to distortion in humans and other animals (DroitVolet and Meck, 2007; Eagleman, 2008; Matthews and Meck, 2014; Merchant et al., 2013a; Grondin, 2010) . This failure to represent objective time in a veridical manner occurs in healthy individuals, including children, young adults, and aged participants as a function of temporal context (Balci et al., 2009; Lustig and Meck, 2001 , 2005 , 2011 van Wassenhove et al., 2008) . Of particular interest for this chapter, however, are the pathophysiological distortions in time perception and timed performance that occur as a function of dopamine (da) depletion in the basal ganglia associated with Parkinson's disease (pd; see Allman and Meck, 2012; Coull et al., 2012 Coull et al., , 2013 Harrington et al., 2014; Höhn et al., 2011; Jahanshahi et al., 2006; Jones et al., 2008; Jones and Jahanshahi, 2011, 2014) . Patients with pd have a loss of da neurons in the substantia nigra pars reticulata as well as the substantia nigra pars compacta (snpc) which projects to the striatum -a brain region shown to be of critical importance to interval timing (Jahanshahi et al., 2006; Koch et al., 2008 Koch et al., , 2009 Parker et al., 2013; Rakitin and Stern, 2006; Smith et al., 2007) . pd patients experience difficulties when producing temporal components of movement, and in programming and synchronizing motor responses. These problems are reflected in increased reaction time and movement time (Bloxham et al., 1987; Evarts et al., 1981; Jurkowski and Stacy, 2005; Jurkowski et al., 2002 Jurkowski et al., , 2005a , prolonged inter-onset latencies when performing sequential or simultaneous movements (Benecke et al., 1986; Roy et al., 1993) , impaired ability to maintain a fixed rhythm in tapping tasks (Nakamura et al., 1978; O'Boyle et al., 1996; Stelmach and Worringham, 1988; Wing et al., 1984) and increased speech production time (Lieberman et al., 1992; Volkmann et al., 1992) . Parameters such as reaction time, inter-onset latency, rhythm maintenance, and temporal organization of speech all require accurate timing, and dysfunctions are well correlated with the clinical phenomenon of bradykinesia in pd (Benecke et al., 1986; Hallett and Khoshbin, 1980; Nakamura et al., 1978; Schirmer, 2004; Volkmann et al., 1992) . There is evidence that the timing deficits in pd patients may not be limited to the motor domain. Non-motor deficits include impaired temporal discrimination of pairs of stimuli in the somaesthetic, visual, and auditory modalities (Artieda et al., 1992) , absence of interlimb synchronization in processing of bimodal simultaneous stimuli (Malapani et al., 1994) , difficulty in recognizing the emotional, linguistic, and temporal features expressed in speech (Schirmer, 2004) , and impairments in attention, working memory, and time estimation (Brown and Marsden, 1988; Lee et al., 2010; Pastor et al., 1992; Perbal et al., 2005; Pouthas and Perbal, 2004) . Recent evidence suggests that a unified model of timing and time perception may be possible based on coordinated activity in a core striatal network that is interconnected with olivocerebellar circuits and the cerebral cortex (Harrington et al., 2014; Koch et al., 2009; Kotz and Schwartze, 2011; Meck, 2005; Merchant et al., 2013a; Teki et al., 2012; see Gibbon et al., 1997, and Malapani et al., 1998a , for an alternative proposal for striato-thalamo-cerebral interconnectivity). This interactive timekeeping mechanism is used in both production and perception of intervals in the millisecond range and seconds-tominutes range with humans and other animals (Ivry and Hazeltine, 1995; Ivry and Keele, 1989; Jahanshahi et al., 2010a; Keele et al., 1985; Meck et al., 2008; Merchant et al., 2008b Merchant et al., , 2013b . Thus, timing may be an independent/modular process employed whenever its specific computation is needed (Malapani and Gibbon, 2001; Merchant et al., 2013a; Van Rijn et al., 2014) . In fact, accurate timing is required in many behaviors across species. For example, the skilled movements of musicians, athletes, and predators require precise timing of activity across different groups of muscles. It has been suggested that several motor or perceptual tasks that require accurate timing have access to the same internal timing mechanism, because normative performance varies in similar ways across tasks (Buhusi and Meck, 2005; Malapani and Fairhurst, 2002; Ivry and Hazeltine, 1995) . Neuropsychological research provides a complementary way to address the issue of whether a common timing mechanism is used in both production and perception and to investigate possible locations of the hypothesized internal timekeepers within neural systems (Coull et al., 2011; Meck et al., 2008;  
